INTRODUCTION
Port wine stains (PWS) are primarily venous microvascular malformations of the skin that commonly occur on the face. They are found in 0.3-0.5% of newborns, and may be associated with Sturge-Weber syndrome. PWS begin as thin macular lesions in infancy and early childhood and tend to thicken and darken with age due to decreased sympathetic innervation that produces progressive vessel ectasia. Skin lesion depth ranges from 1 to 5 mm [1] [2] [3] .
PWS may be treated effectively with a variety of vascular-selective lasers. The most widely used lasers for PWS are the pulsed dye lasers (PDL), which penetrate up to 2 mm into the skin with yellow light wavelengths that are strongly absorbed by both oxyhemoglobin (HbO2) and deoxyhemoglobin (Hb). Early, thin PWS lesions, such as in newborns, respond best to this wavelength, while hypertrophic and darker lesions respond significantly less consistently [1] [2] [3] . Complete clearance of any PWS is difficult to achieve even with early intervention, and most laser-treated PWS continue to darken if left untreated [4] . Furthermore, many PWS that respond well initially to PDL treatment may reach a response plateau, becoming unresponsive to further PDL treatments, a phenomenon termed ''treatment resistance'' [1] . While there are likely multiple reasons for treatment resistance and incomplete clearance with PDL [5, 6] , one factor is the limited ability of PDL to affect ectatic vessels residing deeper than 2 mm in the skin.
For this reason, near-infrared (IR) lasers at wavelengths with greater tissue penetration and weaker absorption by HbO2 and Hb (http://omlc.ogi.edu/spectra/hemoglobin/ index.html) have been used to treat hypertrophic and resistant PWS [6, 7] . The long-pulsed 1,064 nm Nd:YAG and 755 nm Alexandrite lasers penetrate 50-75% deeper into the skin than the PDL [3] . Because near-IR lasers have a much lower absorption coefficient in blood than PDL, illustrated in Figure 1 (adapted from Dr. Scott Prahl: http://omlc.ogi.edu/spectra/hemoglobin), vessel damage with these devices requires higher fluences [1, 3] . Li et al. [7] reported that a long-pulsed 755 nm laser is particularly effective for hypertrophic and purple PWS as compared to PDL, producing occasional hypopigmentation, but no scarring. When McGill et al. [8] compared Alexandrite, Nd:YAG, PDL, potassium titanyl phosphate (KTP), and intense pulsed light (IPL) test patches in PDL-treated vascular malformations, Alexandrite-treated test patches showed the greatest mean improvement in color, with subsequent fading in 10 of 18 treated patients. There was also significantly decreased post-treatment mean vessel diameter, which did not occur with other tested modalities. The mean pre-treatment vessel diameter was predictive of responsiveness to Alexandrite laser treatment. The KTP and Nd:YAG lasers were least effective. However, hyperpigmentation developed in four patients and scarring in one patient after treatment with the Alexandrite laser [8] .
Many deeply situated PWS may be treated effectively with the 1,064 nm Nd:YAG laser [1] . However, a 755 nm wavelength may provide two advantages over a 1,064 nm wavelength. First, the 755 nm absorption coefficient of Hb is greater than that of HbO2; in theory, the Alexandrite laser therefore preferentially damages veins more than arteries. The opposite is true for Nd:YAG lasers at 1,064 nm, a wavelength with stronger absorption by HbO2 than Hb. Second, there is a very narrow therapeutic window for the 1,064 nm wavelength. In a comparative trial of Nd:YAG and PDL lasers for adult PWS, Yang et al. [1] reported that Nd:YAG laser fluences greater than about 1.2Â minimal purpura dose (MPD) can produce extensive deep dermal damage and result in scarring. The authors also reported that the Nd:YAG laser MPD varied greatly among patients, and within each PWS. PWS are heterogeneous lesions, such that in practice, the narrow therapeutic fluence range of Nd:YAG reduces both efficacy and safety. Formation of methemoglobin (metHb), an oxidized species that appears during laser-induced heating of blood vessels, may largely account for the narrow therapeutic fluence range of 1,064 nm Nd:YAG lasers [9] . At 1,064 nm, metHb has much stronger absorption than either HbO2 or Hb. The Nd:YAG laser can therefore induce ''runaway'' absorption in blood, which tends to produce an all-or-nothing fluence-response relationship [9] . The effect of metHb formation is, in theory, less pronounced at 755 nm.
The purpose of this study was to evaluate in adult and pediatric patients with either hypertrophic or PDLresistant PWS the treatment response to a 755 nm laser alone or in combination with other lasers, including PDL. This was done by a retrospective case review. Safety was also evaluated by searching for adverse events, such as scarring or dyspigmentation.
MATERIALS AND METHODS
We identified patients referred to the Massachusetts General Hospital Laser and Cosmetic Dermatology Center, and Beckman Laser Institute and Medical Clinic, for treatment of challenging PWS. All patients with PWS who underwent treatment with a 755 nm laser alone or in combination with another laser modality were selected. Case charts were reviewed, specifically for history of each PWS lesion, prior treatments and responses, and treatment parameters with a 755 nm laser, PWS responses, and complications. Responses to laser therapy as documented in the patient charts by the treating physician on the day of each visit were reviewed.
Patient characteristics are summarized in Table 1 . Patients with hypertrophic PWS (n ¼ 3) were male and female adults between the ages of 44 and 59 years, with Fitzpatrick skin types 1 and 2. Lesions were located on the face in the right or left V1/V2 distribution. One patient had features of Sturge-Weber syndrome. None were previously treated with PDL. These patients were treated with Alexandrite laser alone, or in combination with concurrent or alternating PDL. Patients with resistant PWS (n ¼ 17) were male and female, ranging in age from 5 months to 46 years, with Fitzpatrick skin types 1-3. Most patients were children between the ages of 2 and 16 years (12 patients), with one baby of 5 months of age. Most lesions were located on the face in the right or left V1/V2 distribution. Two patients had features of Sturge-Weber syndrome. All were treated previously with PDL, with 2-45 sessions, with most patients reaching a treatment plateau. They were subsequently treated with a 755 nm laser alone, or with concurrent or alternating sessions of PDL or another laser modality. Most pediatric patients were treated in an operating room (OR) setting under general anesthesia. Older patients (16-46 years) were treated in an office setting with local anesthesia, sedatives, and perioperative narcotic analgesics as needed. Intraocular eye shields were used for lesions in immediate proximity to ocular structures.
The target treatment endpoint with the Alexandrite 755 nm laser-transient gray discoloration of the skin followed by lasting purpura-was attempted as much as possible for all PWS, and achieved in nearly all cases. Indeed, different fluences and spot sizes were necessary to achieve the same tissue endpoint in each PWS or portion of an individual PWS. No areas were double-pulsed.
Pulse duration with the 755 nm laser was 3 milliseconds, with spot sizes of 8-12 mm, concurrent cryogen spray of 40-60 milliseconds spurt duration with 40 milliseconds delay, and sometimes combined with forced cold , with most between 60 and 85 J/cm 2 , adjusted as needed to achieve the correct treatment endpoint at each session for each lesion.
RESULTS
All three adult patients with hypertrophic PWS had significant lightening after treatment with Alexandrite laser, either in combination with PDL after two sessions (Fig. 2) ; or Alexandrite laser alternating with PDL (four sessions with Alexandrite laser, two sessions with PDL). There were no complications. Side effects were the predictable sequelae of selective photothermolysis for PWS: purpura, edema, erythema, and mild-to-moderate pain, followed by healing with lightening of the PWS. The combination of Alexandrite and PDL in the same session produced more rapid and significant lightening of the hypertrophic PWS without increased adverse events.
Twelve of the 17 patients with resistant PWS had moderate lightening after treatment with Alexandrite laser alone, or in combination with PDL (7 patients) (Fig. 3) . Most treated patients showed a mild noticeable lightening of their PWS after each treatment session. The number of treatment sessions with Alexandrite laser varied from 3 to 10. Most of these lesions showed moderate to significant improvement with prior PDL treatments (2-45 sessions) before reaching a responsiveness plateau.
Generally, Alexandrite laser treatments were well tolerated. Side effects were usually transient and predictable, including erythema, edema, purpura, and pain. All subsided by 10-14 days after treatment. Two patients developed isolated and small hypertrophic scars after blistering occurred in areas treated with the 755 nm laser. These scars improved with time. Scarred areas were not subsequently retreated with the 755 nm laser. Additionally, an area of hypopigmentation after treatment of a Fitzpatrick types 2 and 3 patient with a 755 nm laser also improved with time and sun avoidance, and was not retreated with the laser.
Three patients with resistant PWS had mild lightening with a 755 nm laser (two with Alexandrite alone, one with Alexandrite and concurrent PDL), and one showed no response (Alexandrite alone). All four of these patients had significant improvement from prior PDL treatments (8-20 sessions) before reaching a responsiveness plateau. Side effects were similarly predictable, as above, and transient. None of the PWS continued to darken or hypertrophy during the treatment course.
DISCUSSION
This retrospective series of clinical cases demonstrates that hypertrophic and PDL-resistant PWS in adult and pediatric patients can respond favorably to therapy with a 755 nm laser with relatively few complications. In particular, hypertrophic lesions in adults showed significant improvement which was most rapid and notable in patients treated with concurrent Alexandrite and PDL, with no increased complications. Most PDL-resistant lesions showed moderate improvement with transient and predictable side effects.
However, some PDL-resistant lesions remained resistant to Alexandrite laser therapy, improving only mildly or not at all after repeated sessions. The reasons for such heterogeneity in responses remain unknown. These may include the intrinsic heterogeneity of PWS microanatomy between patients and within each individual PWS, as well as differences in anatomic location, patient age, and genetics. It is also possible that PWS have more than one pathophysiologic origin.
Treatment with the 755 nm Alexandrite laser delivered near the clinical response threshold fluence, with cryogen spray skin cooling, produces relatively few serious complications. The most common sequelae of erythema, edema, purpura, pain, and permanent hair loss are expected, and should be discussed with the patient or parents prior to treatment. In case of extensive lesions, very young patients, or extreme anxiety or pain sensitivity, treatment can be done safely under general anesthesia, with the use of perioperative narcotic analgesics and sedatives. Extreme care should be exercised to protect the eye when using Alexandrite lasers, with the use of a stainless steel intraocular shield [10] . While treatment with a 755 nm wavelength laser carries a theoretical risk of heating a metal eyeshield [11] , no associated complications have been observed to date. Although drug-laser interaction studies are lacking, drugs such aspirin that limit platelet function should be avoided for 1 week before and several weeks after treatment.
Potentially serious side effects, such as tissue necrosis, blistering, and scarring are rare after Alexandrite laser treatment. In this case series, there were two cases (10%) of local scarring and dyspigmentation, which improved gradually with time. Since the cohort of patients included only one infant and six children aged 5 years or younger, it is possible that the incidence of scarring in this population might be different from that in adolescents, teenagers, or adults. The risk of scarring with the Alexandrite laser appears to be greater than the 0-4.3% risk of scarring reported with the PDL [12] [13] [14] , likely due to significantly greater tissue penetration of the 755 nm wavelength. Consequently, it is important to beware that aggressive and supratherapeutic treatment of PWS in any age group with this modality is likely to produce adverse outcomes, such as tissue necrosis and subsequent scarring of the treated area. Fractional photothermolysis may aid the resolution of scarring; for hypertrophic scars, treatment with PDL and intralesional steroid may be useful. Indeed, one of the patients in our study (Fig. 3 ) was treated successfully with the 755 nm laser for his resistant facial PWS, and concurrent non-ablative 1,550 nm fractional thermolysis for pre-existing hypertrophic scarring.
While most lesions and patients in our study responded favorably to a 755 nm laser treatment, none cleared completely. As with PDL therapy, it is logical to assume that these residual Alexandrite-treated lesions will follow the natural history of PWS, including gradual darkening and hypertrophy.
Based on our observations, the combination of Alexandrite and PDL treatment of the same lesional areas in the same session may be more efficacious for hypertrophic PWS than treatment with Alexandrite laser alone. This approach also might be more efficacious for PDL-resistant PWS, since targeting the deeper component first with a 755 nm laser, and targeting the more superficial component second with PDL, would be expected to produce a greater degree of vessel damage throughout the dermis. While this combined approach carries a greater chance of adverse events, we did not see any serious complications in the two patients with hypertrophic PWS treated in this manner. Indeed, further studies with a greater number of patients would be necessary to assess fully the safety of this method in hypertrophic as well as PDL-resistant PWS.
When treating with a 755 nm laser, it is important to be aware that this is a deeply penetrating near-IR laser that can produce a dermal burn. The full extent of the tissue response, which occurs mainly at a depth greater than 1 mm in the skin [1] , is invisible to the observer. Hence, the visible response represents just the ''tip of the iceberg.'' From our clinical observations, the appropriate visible tissue response for effective and safe therapy is a subtle gray-blue darkening of the skin that evolves over several minutes into deeper purpura [15] . In our practice, the current approach is to determine the fluence threshold for such a response in the darkest PWS portion, where this threshold is the lowest. We then perform one pass, increase the fluence by 5-10 J/cm 2 , and subsequently treat the unresponsive areas.
Laser therapy of PWS remains a major challenge, despite decades of improvement. The use of multiple laser wavelengths, pulse durations, and fluences-delivered alone or in combination-should be evaluated to address this important problem. Selective photothermolysis may also be an intrinsically limited process for PWS clearing, because angiogenesis is part of the wound healing response after treatment [16] . Other emerging modalities include the use of topical or systemic angiogenesis inhibitors after laser treatment [16] and photodynamic therapy [17] .
This was a series of cases performed in our clinical practice without rigorous controls. Although Alexandrite 755 nm approach is intriguing, clinical validation in large numbers of PWS patients is required. Prospective, comparative, and controlled clinical studies conducted by experienced investigators on a multi-center basis against accepted treatment regimens are required so that the role of 755 nm Alexandrite laser therapy of PWS may be fully defined.
